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INTRODUCTION. 


"Early in 1913 it was announced by Mr. O. F. Cook of the Depart- 
nent of Agriculture that a weevil, apparently identical with the 
lexican cotton boll weevil (Anthonomus grandis Boh.), had been 
ound breeding in the fruit of a wild cotton plant (Thurberia thespe- 
'sioides) in the mountains of southeastern Arizona.? This announce- 
aent was at once followed by explorations in Arizona to determine 
ne distribution of the weevil and its host plant, and research work on 
é habits, life history, and economic importance of the species. 
ecimens were sent to the writer at Victoria, Tex., during the 
mmer of 1913, and there as many as possible of their life functions 
re tested in comparison with the native weevils. Taxonomic 
udy of the Texas and Arizona weevils showed the latter to be a 
Istinct variety, and it was described by Mr. W. Dwight Pierce as 
nihonomus grandis thurberiz.? The biological investigations showed 


‘+ Anthonomus grandis thurberiae Pierce. 

Cook, O.F. A wild host plant of the boll weevil in Arizona. Jn Science, n.s., v. 27, no. 946, p. 259- 
, Feb., 1913. 
Pierce, W. D. The occurrence of a cotton boll weevil in Arizona. In U.S. Dept. Agr., Jour, Agr. 
search, v. 1, no. 2, p. 89-96, Nov. 10, 1913. 


lotr.—The investigations on which this paper is based were conducted under the direction of W. D. 
, m charge of Southern Field Crop Insect Investigations. 
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the two Youre to interbreed. very readily, however, thus demon- 
strating their very close relationship. a 
The belony of this weevil as studied at Victoria has been ae 
in two papers.’ 
In the spring of 1914 the writer was stationed near Tucson, Ariz., 4 
where he studied the Thurberia weevil and its host plant nae them 
natural conditions. These studies consisted of biological investiga-— 
tions similar to those conducted in Texas as well as the consideration - 
of the possible and probable economic importance of the weevil in the 
arid West. ‘The economic phases of the problem have been dealt with 
in another report,? so they will be only very briefly mentioned in the ~ 
present paper. F 
The principal object of this report is to afford a comparison of the 
life functions of the weevils as performed by: (1) Texas cotton weevils 
at Victoria, Tex.; (2) Arizona Thurberia weevils at Victoria, Tex.; ~ 
and (3) Arizona Thurberia weevils in Arizona. The first two subjec 4 
have already been covered in the papers previously mentioned and _ 
the last is discussed in the present paper. By a proper consideration 
of the activity and adaptability of the different forms of weevils _ 
under the same environmental conditions and of the same form of 
weevil under the different conditions it is possible to determine much 
of importance concerning the exact,relation of the two varieties and 
the extent of variation and adaptation to be expected from each. 
For the Arizona studies a camp was established at the Agua 
Caliente Ranch, about 18 miles east of Tucson. This ranch is located 
in the foothills of the Santa Catalina Mountains, near the eastern — 
end of the range, at about 2,800 feet elevation. The various breeding ~ 
experiments described were conducted in this tent while the field 
tests were located on the near-by irrigated land. These studies were 
continued from April 16, 1914, to Nese 16, 1914. 


ck le 


DISTRIBUTION OF THE THURBERIA PLANT AND WEEVIL. 


The weevil is not known to occur on any plant other than Thurberia 
in Arizona, and it seems so closely linked with this plant that every _ 
Thurberia plant may be considered as a potential host for the species — 
even though all of these plants do not harbor weevils now. Consaa r 
quently knowledee of the distribution of the plant is of great impor: | | 
tance in the aaah of the weevil. i 

The distribution of the Thurberia plant is but imperfectly known _ 
at present. Explorations have been made in Arizona by Mr. Vernon — 
Bailey, Prof. J. J. Thornber, Mr. O. F. Cook, Dr. A. W. Morrill, Mee 2 


a Pe “ es 4 
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1 Coad, B. R.,and Pierce, W.D. Studies of the Arizona Tinueberis weevil on cotton in Texas. In Proo. 
Ent. Soc. Wash., v. 16, no. 1, p. 23-27, Mar., 1914. P| 

Coad, B.R. Recent studies of the Mexican Cotton Boll Weevil. U.S. Dept. Agr., Bul.231,34p., Aug. 2, ; 
1915. 

2Coad, B.R. Relation of the Arizona Wild Cotton Weevil to Cotton Planting in the Arid West. U. s3 
Dept. Agr., Bul. 233, 12 p., 4pl., May 27, 1915. - 
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—W. Dwight Pierce, Mr. E. A. Schwarz, and Mr. H.S. Barber, but the 
only data we have concerning the occurrence of the plant in Mexico 
are the records found with the specimens in the various herbaria. 

_ The various explorations in Arizona have shown the plant to be 


~~ 


" present in the following localities: Santa Catalina, Santa Rita, Tanque 


Verde, Rincon, Mule Pass, Huachuca, Chin oni. Super ien 
Bradshaw, Dos Cabezos, and Dragoon Mountains. Globe and Fish 

Canyon of the Salt River Valley. (Fig.1.) So far the plant has not 
been located in any of the mountain ranges west of Tucson, but 
explorations have been conducted in only two or three of these and 
it is quite possible that it occurs there. 

_ The writer is indebted to Mr. F. L. Lewton, of the Division of 
Textiles, United States National Museum, for a copy of the data on 
the specimens of this plant in the following herbaria: Gray Herbarium 
of Harvard University; Herbarium of the New York Botanic Garden; 
Columbian Herbarium, New York Botanic Garden; Herbarium of 
the Academy of Natural Sciences of Philadelphia; and the United 
‘States National Herbarium. 

Many of the locality names noted on these are now obsolete and 
are very difficult to locate, but a general idea of the Mexican dis- 
tribution of the plant may be secured. Fronteras, Oputo, Tunicachi, 
and Babusac, all in the State of Sonora, seem to indicate that the 
plant extends along the mountain ranges in the eastern part of this 
State and connects with the various localities noted in southwestern 
Chihuahua. From this point it seems to follow the ranges down at 
least as far as a point near Guadalajara, Jalisco, Mexico. This is the 
most southern record the writer has been able to discover. 

So far the weevil has been found only in the Santa Catalina, Rincon, 
Santa Rita, Tanque Verde, and Dos Cabezos Mountains. Of these 
ranges the first four adjoin the Santa Cruz Valley, in which Tucson 
is located, and the last is near Bowie. In the examination of the 
plants found in the other ranges of the State, no signs of weevils 
were found but the dignibien is certainly more penetl than that 
now known. Further explorations will probably demonstrate the 
presence of the weevils in other mountain ranges, at least in the 
southeastern part of the State. 

We have no information concerning the presence of the weevil on 
Thurberia in Mexico, but the writer believes that it will be found 
extending all along the mountain chain through eastern Sonora, 
western and southwestern Chihuahua, and then probably connecting 
directly with the central Mexican territory in which uae weevils ie 


on cotton. 
HABITAT OF PLANT AND WEEVIL. 


The studies of the past season were confined to the mountains 
around Tucson and the most thoroughly worked of these was the 
Santa Catalina Range, where the local distribution of the plant and 


—_ 
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weevil was studied in detail throughout the range. In this range the 
Thurberia plant was found, scatteringly but very generally, at alti 
tudes ranging from about 2,600 to 7,000 feet. The writer, working 
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Fic. 1.—Map of Arizona showing mountain ranges representing the habitat of the Arizona wild cot 
weevil (Anthonomus grandis thurberiae) and its food plant ( Thurberia thespesioides). (Original.) — 


along the southern and southwestern slopes from the divide at the 
eastern end to the western tip of the range, practically circled the 
range. From the western tip of the range trips were made around 
the western end into the northwestern slopes at Montrose and Romero 
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Fia. 1.—DISPERSION OF THE WILD COTTON WEEVIL. 


Typical location of Thurberia plant, below rock, in Agua Caliente Arroyo, Ariz., about 
1144 miles from the mouth of the canyon. (Author’s illustration.) 


Fic. 2.—THE WILD CoTTON WEEVIL AND ITS HOST PLANT IN THE LOWER RANGES. 


Habitat of Thurberia thespesioides and the wild cotton weevil in the lower ranges. This view 
was taken inthe Agua Caliente Arroyo, Ariz., about 100 yards below the plant shown in 
figure 1. (Author’s illustration.) 


THURBERIA THESPESIOIDES, THE FOOD PLANT OF THE ARIZONA 
WILD COTTON WEEVIL, ANTHONOMUS GRANDIS VAR. THURBERIA. 


eg ee Pe a ~ — eo 
< ‘ < 
= é 
e = og 
‘ 


BIOLOGY OF ARIZONA WILD COTTON WEEVIL. 5 


Canyons and nearly to Oracle. The writer then crossed the range by 
the trail above Agua Caliente Canyon, descended into the San Pedro 
Valley on the northeastern side, and explored the slopes. Combined 
with these observations numerous trips back and forth throughout 
the range were made at various points which gave comparatively 
thorough data on the internal conditions of the mountains. 

Thurberia plants were found at intervals throughout this territory. 
Summarizing these observations it seems impossible to name any 
certain type of situation as the normal habitat of the Thurberia plant, 
since it is found in moist canyon beds, in dry arroyos, on dry slopes, 
and on the top of peaks. However, by far the greater number of 
plants are located in canyon beds, mountain washes, or arroyos 
out through the mesa, and in searching a new locality these are usually 
the most frequent situations in which the plant is found. Thurberia 
plants growing under these conditions usually develop a more healthy 
growth than those on the more exposed slopes, and usually the plants 
at higher altitudes, on slopes and peaks, are found more or less 
grouped in colonies. Travel for miles through such territory may 
not disclose a single plant when suddenly colonies of from three plants 
to several dozens are found. The distribution in canyon beds and 
washes, however, is quite different, for here the plants are usually 
found more or less scattered and growing singly, although in many 
canyons a plant will be found every few yards for several miles. 
(Pl. I, figs. 1, 2.) Occasionally, in locations particularly well shel- 
tered from the force of the current, a large colony of plants may be 
found, but such cases are infrequent. 

At lower altitudes, on the mesa and plains, Thurberia plants were 
found extending along the dry arroyos often to a distance of several 
miles from the base of the mountains. Here, while fairly common, 
they are scattered, being found along the margin of the channel, on 
small islands, or in protected situations behind rocks. 

The occurrence of the Thurberia plant at an elevation of 7,000 feet 
was not noted until late in the season, at which time a few were 
found on a peak at about this elevation, behind Soldiers Canyon. 
It is interesting to note that one specimen in the Gray Herbarium 
and another in the Herbarium of the Academy of Sciences of Phila- 
delphia, both collected by Edw. Palmer, bear the following data: 
“The Frailes above Batatopas, S. W. Chihuahua, Mexico, 7000 feet 
alt. October.”’ 

Back in the interior of the Santa Catalina range in the small 
canyons draining this country the plants were found to be quite 
common. along the stream beds. 

The Arizona wild-cotton weevil was found to be as widely dis- 
tributed throughout this range as was the Thurberia plant, but the 
weevils were by no means present on all plants. While the weevils 
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were found in all types of situations at altitudes from about 2,750 
feet to 7,000 feet, they were more abundant on plants growing at 
elevations of from 3,500 to 5,000 feet. The writer has been unable 


to determine any type of location as being especially favorable to- ; 


the maintenance of the weevils. 


In the Santa Rita Range the writer confined his studies almost || 


entirely to points of less. than 4,000 feet elevation. The country 
examined was that which lies along the base of the mountains com- 
mencing at a point below Madero Canyon and extending nearly to 
the northern end of the Santa Rita Range. Throughout most of this 
country the Thurberia plant was found extending down the arroyo 
nearly to the 3,000-foot level, and weevils were located on many of 
these plants at this elevation. 

Very little explormg was done in the Tanque Verde Mountains, 
but a few trips were made on the northwestern slope above the 
village of Tanque Verde, where a few plants, some bearing weevils, 
were located in the ‘‘washes”’ of this comparatively regular slope. 

In the Rincons the investigation was limited to the examination 
from the southern end of the range of some of the lower arroyos which 
form the headwaters of the Pantano, and Thurberia plants and a few 
weevils were found. Messrs. Barber and Schwarz found plants and 
weevils on the Manning trail above Mills ranch and Prof. Thornber 
reported a colony from a short distance above the Shaw ranch. 


Investigation seems to have established that the Thurberia plant — 


does not occur in the Tucson Range, as this range was explored by 
Dr. A. W. Morrul and Mr. W. Dwight Pierce during the summer of 
1913 with negative results, and a search made by the writer in Sep- 
tember, 1914, also proved negative. This range seems far too dry 
for the existence of the Thurberia plant. 


SEASONAL ACTIVITY OF PLANT AND WEEVIL IN NATURE. 


As the activity of the Arizona wild-cotton weevil in nature is 


largely dependent upon the growing and fruiting period of the plant, 


close observations were made, particularly in relation to the time of 
fruiting. These observations showed the time to vary greatly with 


the location of the plant, and the most important factor seems to be © 


altitude and its accompanying conditions. The plants observed 
closely during this season ranged from 2,700 to 5,000 feet, and while 
no definite lines can be drawn, the following discussion gives the 
variations in time as they were noted at the different elevations. 
Plants growing in the channels of Milagroso, Agua Caliente, and 
Soldiers Canyon and in the arroyos below these canyons (elevation 
below 3,000 feet) were all leafed out and squaring heavily by the 
ist of May. They began blooming about May 7. After two or 
three weeks of flowering the buds ceased to appear and there was a 
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quiet period during which the bolls ripened, opened, and shed their 
seeds. Then another crop of buds appeared and the same course 
was repeated. In this manner as many as four crops of fruit were 
produced by some of these lower plants and many produced three. 

Higher in the canyon channels and on the lower slopes (elevation 
3,000 to 4,000 feet) the plants started to square shortly after the 

1st of June and produced two or three crops before the end of the 
season. They all began leafing out about the same time as the lower 
plants just discussed. 

About the 1st of July the plants growing at about 4,500 feet started 
squaring while those above 5,000 feet did not start until July 30 or 
later, and produced only one crop. 

From this is seen the extreme variation in the fruiting period of 
the plant. This grouping by altitude is of course only approximate 
because the conditions (moisture, exposure, etc.) vary greatly at the 
same altitude in different locations. 

The active period of the plant will probably vary with the different 
years according to cbmatic conditions. The winter of 1913-14 was 
exceptionally mild and consequently some of the lower plants may 
have started blooming earlier this season than is usual. 

Regardless of the previous activity of the plants, the last crop of 
fruit (produced during August and September) is always the largest. 
and blooming extends over a longer period at this time. Most of the: 
plants stopped blooming during the latter part of September though. 
quite a few continued blooming into early October. 

The appearance of the weevils from hibernation is very scattering 
during the early spring months. The first record of emergence dur- 
ing the spring of 1914 was an individual noted in a branch of Agua 
Caliente Canyon at about 3,000 feet altitude on May 10. Following 
this a few were found active here and there in the mountains, but 
they were not common until later in the season. 

These early individuals fed upon the squares and bolls present, 
and produced a few progeny in the latter. The resulting weevils 
emerged after a normal developmental period and aided in the 
infestation of the large crop of fruit in August and September. 

The general emergence of the weevils began shortly after the first, 
of July and by the middle of August nearly all weevils had emerged. 
These were all quite active on the plants after this time. During the 
past season the writer did not note a single weevil breeding in the 
buds of Thurberia, although considerable feeding upon them was 
observed. This is directly contrary to the conditions found by Mr. 
Pierce in August, 1913, when he observed the weevils breeding 
abundantly in Thurberia buds in both the Santa Catalina and Santa 
Rita Ranges. This discrepancy in records may be due to some 
differences in the seasonal conditions. 
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With the existing variations in time of emergence it is impossible 
to determine the exact number of generations per year, but most of 
the weevils seem to have only one or two, the last remaining in the 
pupal cells in the bolls and so hibernating. 

The activity of the weevils seems to continue until stopped by tha 


cold weather. It was greatly decreased in most places through _ 


October, but a few weevils were still active on the 1st of November. 
EMERGENCE OF WEEVILS. 


The study of the weevil activity in nature was greatly confused by 
the extreme variation in-the time of emergence from hibernation. 
These weevils pass the winter in pupal cells in the Thurberia boll and, - 
instead of emerging in the spring with the first warm weather, pro- 
long the dormant period far into the season before leaving the cell. 
In fact, some individuals have been found in old cells as late as the 
1st of September, though nearly all emerge during July and August. 
Because of the possible economic importance of this delayed emer- 
gence in relation to the transfer of the weevil from Thurberia to cot- 
ton, cage tests were conducted and careful observations made in the 
field to determine under what conditions the weevils will emerge. 

For the cage tests a number of infested Thurber’a bolls which had 
remained hanging on the plants since the fall of 1913 were collected 
in the upper part of Soldiers Canyon on June 6 and were kept in a 
dry box until the time of starting the tests. 

The treatment of the different lots of infested bolls was as follows: 

No. 1. Bolls not moistened placed in empty tumbler in shade. 

2. Bolls not moistened placed in empty tumbler in sun. 

3. Bolls not moistened placed on moist sand in shade. 

4. Bolls not moistened placed on moist sand in sun. 

No. 5. Bolls immersed in water 14 minutes and placed on moist sand in shade. 
6. Bolls immersed in water 14 minutes and placed in empty tumbler in shade. 
7. Bolls immersed in water 30 minutes and placed on moist sand in shade. 
8. Bolls immersed in water 30 minutes and placed in dry tumbler in shade. 

No. 9. Bolls immersed in water 30 minutes and placed on moist sand in sun. 

These tests were started July 11, and each lot was examined at 
frequent intervals until September 22 and all emergence noted. 
Five bolls were placed in each lot. On September 22 all bolls were 
opened and the condition of the weevils inhabiting them noted. 

From the unmoistened bolls placed i dry tumblers no weevils 
emerged. When the unmoistened bolls were placed on moist sand 
and left in the shade, two weevils emerged, but when they were 
placed in the sun none emerged. When the bolls were immersed 
in water for 14 minutes and then placed on moist sand in the shade 
four emerged, but those moistened in the same manner and placed 
in a dry tumbler in the shade produced none. When immersed in 
water 30 minutes and left on moist sand in the tent three emerged 
and those moistened in the same manner and placed on moist sand 
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in the sun produced none. Those immersed 30 minutes and placed 
in a dry tumbler in the shade produced one weevil. 

These results indicate the importance. of moisture in the emergence 
of the weevils. Mere placing on moist sand caused some weevils 
to emerge in 5 days, but the bolls moistened and then placed on 
moist sand in the shade produced the maximum emergence. In 
the various lots which were placed in the sun not a single weevil 
emerged regardless of treatment. This was evidently due to the 
extreme heat in the tumbler. All weevils were found dead in these 
cells upon examination while many of those in the shade were still 
alive in the cells. 

These experimental tests of the factors producing emergence are 
far from conclusive, but by combining them with various observa- 
tions made in the field a fairly definite idea of conditions under which 
the weevils will emerge may be secured, and by studying the sea- 
sonal climatology of the region inhabited by the weevils it is possible 
to know when to expect the emergence. 

The emergence of the weevil shows a very decided relation to the 
structure of the Thurberia boll and is the result of a gradual prepa- 
ration of the boll which extends over a considerable period of time. 
In the fall the weevil cell is surrounded by the compact seeds and these 
in turn are inclosed in the covering of the boll. These soon dry and 
harden so that emergence is impossible. Then follows a slow chang- 
ing of the boll extending through the winter months. The seeds 
around the cell ripen, harden, and separate slightly. The outer 
covering of the boll cracks apart at the apex and gradually splits 
toward the base. While this is largely a process of ripening and 
 dessication, it 1s undoubtedly aided by the occasional rains during 
the winter and early spring. By spring the boll reaches a condition 
such that it is easily opened and the seeds scattered by a light crushing, 
but now the weevil cell itself holds the contents intact. In fact 
most of the uninfested bolls have opened wide by this time and the 
seeds have been blown and shaken out by the wind. 

At this period it seems usually necessary for the boll to be at least 
shiehtly moistened to soften the cell before the weevil can emerge. 
The tests of the amount of moisture required to accomplish this 
show that it is variable and thdt very little is necessary in some cases. 

That moistening is not always necessary to allow emergence is 
shown by the fact that the writer has observed weevils both in the 
field and in the laboratory emerging from perfectly dry bolls which 
had not been moistened for weeks. These cases seem to be due 
to the imperfect formation of the cell, which is weak enough to 
be broken by the drying of the boll and separation of the seeds. 

_ From these observations concerning the importance of moisture 
in the emergence of the weevils, it seems quite probable that in the 
14889°—Bull. 344—16——2 
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vicinity of Tucson the normal emergence in the mountains is scat- 
tering during the spring and summer months, depending largely 
upon the frequence of the showers during this period, and that the 
general emergence is produced by the rains of July and August. 


RELATIVE ATTRACTION OF COTTON AND THURBERIA FOR WEEVILS. 


During the season a number of tests were made to determine the 
relative powers of cotton and Thurberia for attracting the weevils. 
Various types of weevils and different foods were used in the different 
lots but the method of procedure was identical for all. 

Large, weevil-proof screen cages were used. ‘They were placed 
on bare ground which was kept shghtly moist by an irrigation ditch 
on each side of the row of cages. 

In preparing the cage for the test the Thurberia plant was placed 
upright in one corner about a foot from the wall of the cage and the 
cotton plant was placed diagonally opposite. Then the weevils were 
released on the ground in the center of the cage. Following this, 
examinations were made frequently to determine the amount of 
feeding on each plant and the weevils present on each. All weevils 
found on plants were removed and released in the center of the cage. 
Fresh plants were placed in the cages almost every day or often enough 
to keep green food present at all times. In order to eliminate’ the 
influence of hght from any selection the weevils might make, the 
positions of the plants were reversed daily. 

All weevils were hibernated individuals which were removed from 
their 1913 pupal cells in Thurberia bolls. The observations may best 
be divided according to the food of the weevils before these were 
placed in the test cages. 


WERVILS NOT FED BEFORE TESTING. 


On the 1st of August 14 males and 14 females removed from bolls 
collected in December, 1913, in the Santa Rita Mountains were 
placed immediately in a cage with cotton and Thurberia plants 


bearing neither squares nor bolls. On August 24 plants with squares *_ 


and bolls were started and continued as the food for the remainder 
of the experiment. 

Feeding began immediately on both plants and was continued 
more or less constantly until the close of the experiment on Septem- 
ber 17. For the first 15 days the feeding was mostly on Thurberia, 
but after that time cotton was more or less favored. The summary 
of the observations for the entire period is as follows: 


Cotton: attacked sia. See RR SAL ea ORE De eee records.. 24 
Thurberia attacked s<cexcee ch pet he te ee ee Se ee ee roots ge 
Wieevils:on: cotton, s.mlale. wil females snr. eae eee total.. 24 


Weevils on Thurberia: 3 male, 14 female, 2 of sex not deter- 
MINE ee a Te OE a oie Seat ten at total.. 19 
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From this it is seen that more weevils were observed on cotton 
and there was also more feeding on this plant than on Thurberia 
in the course of the entire experiment. At the very beginning 
what seemed to be a pee eras in favor of Thurberia was noted, but 
this disappeared later. 

On the 4th of August 13 females and 12 males were removed from 
cells in Thurberia bolls collected in the Santa Rita Mountains in 
December, 1913, and kept almost entirely without food (cotton 
leaves fed only once) until August 7. They were then placed in a 
cage with Thurberia and cotton plants, both bearing buds and bolls. 
The experiment was continued until September 17 though the last 
feeding was noted September 11. Throughout this time a slight 
preference in favor of Thurberia was maintained and the summary 
of observations is as follows: 


CWovtommattackKed ieee. acute deh ea Rh i a al oe records.. 7 
Minin berasabtaclkeds..) Ae twee Bee Se eh PNP ME DOIN ce COmeee als 
Weevils on cotton, 3 male, 4 female, 1 of sex not determined.total.. 8 
Weevils on Thurberia: 7 male, 11 female, 1 of sex not deter- 
TUM eee eT RMAC R ass ct Ee oe MESES LORS ee total.. 19 
These two tests of unfed weevils total as follows: 
Records 
Wottorm art eae heres a Mek recs ac Te oe RIDNME Eo Te os Nara ee eee ok 
Maine sattackedisse see ee ee Leas 2) ba Aas her Ee Vee oa) © 32 
Weevil sromecotcOl ee cine Sek et ne sce me ees Yee 4 Daas wagh hae 32 
Keel some bMUnOeRartee tat oe. seam Ree Se Rye eee a eee 38 


From these figures it is quite evidently useless to attempt to credit 
the weevils with a choice for either plant when unfed before testing. 


WEEVILS FED UPON COTTON SQUARES BEFORE TESTING. 


On the 24th of August 12 weevils of each sex were removed from 
the hibernation cells in Thurberia bolls collected in the Santa Rita 
Mountains December 4, 1913. These were fed upon cotton squares 
from this date until August 31 and then placed in a cage with cotton 
and Thurberia plants bearing buds and bolls. This test was con- 
tinued until September 27 and the feeding continued until that date. 

For the first few days a slight preference in favor of cotton was 
shown, but this soon disappeared and the feeding was much the same 
on the two plants for the remainder of the experimental period. 

The summary of observations is as follows: 


PCAC KSMMOMCOGLOM ei ep tat wece: it ieee ote Vs Sete Sets Pe records... 9 
Asie velberivaven “TP mule ysy sheds ait AR SIE A al Sa a eases i 58 eel a doce ey 
Weevils on cotton: 8 male, 6 female, 1 sex not determined. rota 15 
Weevilson Thurberia: 11 male, 6 female, 1 sex not determined.do... 18 


From this feeding it is evident that, while the feeding upon cotton 
squares for the One few days after emergence may have caused a 
slight preference in favor of cotton plants early in the test, this did not 
last more than a very short time and then no preference was shown. 
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WEEVILS FED UPON THURBERIA BEFORE TESTING. 


On August 24 another lot of weevils (11 males and 12 females) 
were removed from cells in Thurberia bolls collected in the Santa 
Rita Mountains December 4, 1913. These weevils were fed upon 
Thurberia buds and leaves until August 31 and then were placed 
in a cage with Thurberia and cotton plants, both bearing squares 
and bolls. Here the imitial feeding showed a preference for Thur- 
beria, but this was lost within a few days and the feeding became 
almost equal on the two plants. The test was continued until 
September 17 and feeding lasted until that time. The summary of 
observations for this lot is as follows: 


SLACKER COGLONS 3756 OEE coke ES Sn 2 oy SR a re records... 7 
Attackimne "Phunberta (26 4itt is) 2 N90 Peace eee Bo ee See dos St 
Weevils'on cotton: 5 male, 7 female: 2.22 2 ee a ee ae totalz- 4-12 
Weevils on Thurberia: 7 male, 11 female...........-.........- dors. is 


SUMMARY OF ALL TESTS. 


The summary of the results of the various experiments ue. detailed 
is given in Table I. 


TaBLeE |.—Relative attraction of cotton and Thurberia for weevils. 


Cotton. | Thurberia. 


Weevils. Weevils. 
Food before starting test. Fs a en Po ee | 

5 | Plants Sex | Pent Sex 
| attacked.| y,. Fe- not re attacked. Fe- not rs 
Male.| male| deter- | /otal- Male.| ale. deter- Total. 


mined. mined. 
INORG. Stee eee Sie e eS 31 6 25 1 32 32 10 25 3 38 
‘Copmonisquares.- 2-2-4: 9 8 6 1 15 7 11 6 £ 18 
‘Bhurberia DUGS=- =-2-.- U OO ee one eee 12 6 vi gs) ee 18 


Hota ss cases et 47 19 38 2 o9 45 28 42 4 74 


From this table it is seen that, while the cotton plants were at- 
tacked shehtly more than the (cree, more weevils were observed 
on the latter. It is interesting to note that in the total of the ob- 


servations of the weevils on both plants males were noted 47 times — | 


and females 80 times. As the weevils used were very nearly equally 
divided as to sex (49 males and 51 females), this seems an instance 
of the greater activity of the females. 

These cage tests seem to indicate that unted hibernated Thurberia 


en 


weevils Fale no ee for either plant, while those fed on 


either plant exclusively for a few days after emergence will at 


first favor that plant slightly when offered a choice, but will : 


soon feed equally on both. . From this it would seem that neither 
plant has the power to attract the weevils away from the other, 
but later observations made in the field are rather contradictory to 
this. The field cotton at the ranch this season was repeatedly at- 
tacked by the weevils, and, while there was considerable injury to 
the squares and bolls on this cotton, only two bolls were attacked on 
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several Thurberia plants growing so close that some branches over- 


lapped the cotton. 
LIFE-HISTORY STUDIES. 


FECUNDITY. 


A number of series of Thurberia weevils were tested to determine 
the fecundity of the females on the different foods. 


WEEVILS FED ON COTTON SQUARES. 


During the season 14 pairs of weevils were mated on cotton squares 
in glass tumblers and the fecundity determined. These weevils 
either emerged from or were removed from their hibernation cells 
in Thurberia bolls collected at different points in the Santa Catalina 
and Santa Rita Mountains. They were all hibernated individuals. 
Nearly all were left on cotton squares until the close of the experiment, 
but two were removed from this food after 17 days and fed on cotton 
bolls for the remainder of the period. 

Of the 14 females thus mated, 13 oviposited more or less normally. 
The other one, placed with cotton squares August 31, deposited one 
egg October 5 and another one October 7 and then stopped. This 
female was still alive and feeding at the close of the experiment on 
November 8. The data showing the activities of the 13 normal 
females are given in Table II. 

Owing to the shorter active season to which the Arizona weevils 
are accustomed, it seemed quite probable that the average fecundity 
of the females would not equal that of the Texas weevils, but this is 
seen not to be the case. These averages secured with thurberiae on 
cotton squares in 1914 are very nearly as high as those from the 
best series of grandis reared in Texas on the same food in 1913, and 
they are higher than the general average of all series of grandis. 


Taste I].—Fecundity of Anthonomus grandis thurberiae mated on cotton squares, 
Agua Caliente ranch, Arizona, 1914. 


ie Eeriod | Ou Aver- s ; 
ate e fs age ate ate 
Source of weevils. first fed ere squares) ;, pats : ea Tow eggs female male 
squares. 88- | to dep- |? 88S. = od 88S. per dead. dead. 
osition. DE : day. 
Emerged from cells in Days. 
Thurberia bolls...-- June 23} July 5 13 | Aug. 10 36 | 176 4.9 | Aug. 10 
Removed from cells 
in Thurberia bolls..| June 25 | July 15 20; Aug. 7 24 | 116 4.8 | Aug. 7 
1X0) 9 Seas ee July 8 | July 12 4 | Aug. 31 51 82 1.6 | Sept. 14] July 12 
DOs at ease esas saGbosud July 13 5 | Aug. 14 33 | 150 4.5 | Aug. 11 | Sept. 11 
IDO Sopa eee FON sace July 15 7 | Aug. 19 36 | 126 3.5 | Aug. 24 | Aug. 14 
IDO SescHeeeaesease Jllivyall ead onsss= 4} Aug. 28 45.) 217 4.8 | Aug. 30} Sept. 4 
DOSS 2a ae ees med Ose Gossee2 4 | Aug. 13 30 | 144 4.8 | Aug. 14 | Sept. 11 
IDO SS ete eeee Aug. 11 | Aug. 21 10 | Sept. 16 27 92 3.4 | Sept. 19 
IDO. Se As eats eee OW scaes Aug. 20 9 | Oct. 31 72 | 309 ASS is |e c= Ney Sa 
IDO a beaeeeeeeeee donee Sept. 1 20 | Nov. 2 62 | 299 ACRE leeee wees 
IO = sea eee ee Aug. 31 | Sept. 12 12 | Nov. 4 54 | 156 DEQ ae Sree Oct. 31 
DO on Sho Opsa Sept. 7 7 Gomse- 59 39 Bi fel ees ata Sept. 12 
IDs Se eae Goster Sept. 12 12 | Oct. 19 38 | 141 3.7 | Oct. 19 
INOUBY SS 5 55 Seve lle serra en ia] a ein DH eS ae eee DOs | DOA Tele 2 ee oe eye ee 
PAV CTA COM ye teed apie aimnts creel WA, Mee QE ASE he fen e 43.6 |157.4 Oe eatee eee 
NIG SEG yn GSS eee | Beene 5 [ees ears es 20 See eee 72 | 309 AND! | Wate Sere 
Minimum....-.. Nese eid wc dec tec oa Arg rts ee aes | 24 39 ig (Oe eee 


1 These weevils were fed on squares until Sept. 17, and then on bolls. 
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The transfer of some of the weevils from cotton squares to cotton 
bolls late in life seemed to have no effect upon their oviposition as 
they continued ovipositing at about the same rate without a break. 

It is interesting to compare the data presented in this table with 
the results secured by mating thurberiae on cotton squares in the 
same manner at Victoria, Tex., in 1913. Table*III gives this com- 
parison. 


TaBLeE III.—Comparison of results secured in Arizona and Texas with regard to fecundity 
of Anthonomus grandis thurberiae. 


| | 
Average 


Average Average lMoeneines Maximum 
oviposition] eggs per fecale eggs per 
| period. female. | per day. female. 
Days. 
SEEN ELS SS ere ee arte oer are Se ee ae ae 32 103.0 a22 173 
PATI 7,O AER ee ee eee ee tes SC eee eee 45.1 | 157.4 3.4 309 


This table shows the greater fecundity of the variety under Arizona 
conditions than under the unnatural environment of southern Texas, 
although the daily rate of oviposition was much the same. 


WEEVILS FED ON COTTON BOLLS. 


Four pairs of hibernated thurberiae were removed from the ¢ells — 


in Thurberia bolls and mated on cotton bolls in glass tumblers in the 
same manner that others were mated on cotton squares. ‘The results 
secured from these are shown in Table IV. 


TasLe 1V.—Fecundity of Anthonomus grandis thurberiae on cotton bolls, Agua Caliente 
Ranch, Arizona, 1914. 


| | 
| ReROD TS eas le | pate | Dat 
| Date e | OVIPO-|mia1| ac ate ate 
Source of weevils. | first fed pubale: \ponite pete: sition cola cies | female | male 
| bolls =" S58" | deposi- °=* | period. Ceres per dead. dead. 
| tion aa 
| y 
| | 
Removed from cells in | Dats | Days 
Thurberia bolls. .....-. July 13 | July 20 7 Aug.-13 | 25 i 0.3 | Aug. 24 | July 19 © 
DOSER ae ees ee sea July 15 | July 19 4 Aug. 10} 22 64 2.9 | Aug. 13 | Aug. 17 
Dosss222 Oa pee Ree Gone ee Ose 4 Aug. 17] 29 | 84 2.9 | Aug. 30 
Dos. $252. | Aug. 11 | Aug. 21] 10 Oct. 14; 55 190 3.4 | Oct. 21 
Rotal ete: 6 eedls hae foes eG peaards (eBee k=: 131: (345. [ove ol ee 
Average. .......-- sei ie = tee 2 es HW ie Seen 32.7 | 86.2| 2.6 eee 
Maximum........ | MCS e aes 10) hale taws Ui Bbc (Oech tae eee ae 
Minimum. .....-- Frere ae ares Ate Wes Sa Die fae eulles e 


From this table it is seen that the weevils displayed a comparatively 
low degree of fecundity. This is seemingly in direct contradiction 
to the results secured in the series of weevils on live plants in the 
field and also of those offered a choice between cotton squares and 
bolls. Quite a number of tests in glass tumblers were made during 
the season to determine the preference displayed by the weevils in 
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relation to cotton bolls and squares. ‘These all gave the same result, 
namely, that cotton bolls were much preferred to cotton squares. 
While there would always be some feeding upon the squares and an 
occasional egg would be deposited in them, by far the greater part 
of the feeding and deposition was on the bolls. In the field experi- 
ments where the weevils were placed on growing cotton plants there 
was some feeding on squares but the bolls received almost all of the 
feeding and deposition. In the breeding experiments where weevils 
were mated on squares for some time and then placed on bolls the 
oviposition continued through the change of food without diminution. 
In view of these observations it seems quite reasonable to believe that 
the cotton bolls are better suited to the weevil than the squares and 
hence it is hard to account for the much lower fecundity shown by 
the weevils in this boll-fed series than by those in the corresponding 
series fed upon squares. 


WEEVILS FED ON THURBERIA. 


At different times during the season weevils were removed from 
their hibernation cells in Thurberia bolls and mated in glass tumblers 
containing Thurberia leaves, squares, and bolls. For some reason 
these attempts to secure egg deposition were almost total failures. 
Nine pairs were mated in this manner and of these, seven females 
failed to deposit any eggs, one deposited a single egg, and the other 
deposited 66 eggs. This last female was placed with the food Sep- 
tember 1, deposited the first ege September 23, and the last October 
16, giving an oviposition period of 24 days. The average number of 
egos per day was 2.7. 

Some of the females which did not oviposit were allowed to live until 
their normal death, while others were killed after some weeks because 
of lack of food. It is difficult to determine the cause of this failure 
of the females to oviposit, but it is probably due to some fault in the 
breeding methods. One point which was noted in this connection 
was the extreme rapidity with which Thurberia bolls ripen after 
removal from the plant and hence become unfit for egg deposition. 
The seeds dry and harden very rapidly even though the boll is quite 
small. In such bolls the weevils will feed through the tender tissue 
near the stem end, but will not oviposit. The experimental conditions 
(cages, tumblers, etc.) were exactly the same as those for weevils 
upon cotton squares and bolls which were ovipositing normally at 
this same time, so the cause evidently was some fault with the con- 
dition of the food. Two females which were allowed to remain in | 
tumblers with Thurberia bolls and squares for 14 days without 
OViposition were then transferred to living Thurberia plants in the 
field and they immediately began ovipositing. : 
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DEVELOPMENTAL PERIOD. 


IN COTTON SQUARES. 


No observations were made on the Jength of the different immature _ 
stages in cotton squares, but the total developmental period was — 
studied throughout the season from eggs deposited from July 6 to 
about the Ist of November. The squares were placed on moist sand 
in glass tumblers each day and the sand was kept damp. The date 
of the emergence of the adult was noted and the period between egg ~ 
deposition and adult emergence was thus determined. However, 
this period was often not a true developmental period because it was _ 
found that, instead of emerging within a day or two after transform- 
ing to adult, as is the case with grandis in the Southern States, many 
of the weevils would remain in the cells for some days after becoming ~ 
adult. This was particularly the case during the latter part of the 
season. iz 

In watching for the emergence of adults each lot of squares was 
examined daily for about 20 days after egg deposition and then was 
examined only occasionally. In this way the dates of emergence ~ 
were secured when the weevils emerged shortly after becoming ~ 
adults, but late in the season many emerged after the daily observa-_ 
tions had been stopped and consequently no figures were secured on 
their time of emergence. As this delayed emergence did not become 
usual with the weevils until those from eggs deposited after the 1st — 
of September had developed, the data have been divided at this date 
and are given in Tables V and VI. _ 

The figures in Table V are probably very nearly those for a develop- _ 
mental period such as is experienced by the Texas cotton boll weevils _ 
and the periods are surprisingly similar to those of cotton boll weevils. _ 
It is interesting to note that the average developmental period of — 
both sexes of thurberiae in Arizona was 15.4 days while in southern ~ 
Texas it was 18.5 days. It seems probable that nearly all of the ~ 
weevils included in Table VI delayed emergence. This was probably 
due to the approach of the time for entering hibernation. From the 
squares receiving eggs before September 1, 71 weevils emerged mM 
normal time and 2 were retarded, while from those receiving eggs 
after this date 10 emerged more or less normally and 48 were retarded. © 

In this series 1,260 squares containing eggs were observed and — 
these produced 145 weevils, including those found in the cells. In- 
other words, only 11.5 per cent of the squares receiving eggs pro- 
duced adults. This is a very low percentage and seems to indicate _ 
that the cotton squares are not completely suited to the development _ 
of the Arizona weevil. | : 
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TaBLE V.—Developmental period of Anthonomus grandis thurberiae in cotton squares, 
Arizona, 1914; eggs deposited before Sept. 1. 


Males. Females. 


Date Adult 
exes | nate emerged | stages found upon 
gepes: emerged. | poriod ee Weevil! period Nu Weevil not examination of 
ited. ‘| Period. er erlod. er < squares. 
aap, days.! coals! days.1| noted. 
Days. Days 
July 61] July 24 18 1 TSS as [Poeaten Soe ee ee teroe toes eeeisere (oa emleeraeieiee 
7 | July 25 18 1 18 18 1 Lf Samyy Pas esate ee 
Sie lGdualive, DOM Guat wl yuaeed ae ca cet 14 1 ge. ae ek a 
9| July 23 14 il 14 14 2 Poesia tanta cach: Vee 
9 | July 24 15 1 US ease ee Al ae ee Fat rae Si Freeh, Ga | 
eeu yy 2a Wyss ene |= ote etal ao Here 14 il AO ee seg ere 
TEL UU PAG || eee A Sle ea (ee ee 15 B15) gid] WE GIs 
12 | July 25 13 2 QGF SE letiec nays |aecieic ce hecsaere ce lieererieenee 
12 | July 28 16 1 1 Gisv idl eet cece letare ccs eos Sie | alaerscbise 
13} |ossGWsaccc 15 1 Vp i seco tae | vars fie ele aeverers foie sy aeerst sere 
14} July 27 13 i UBT Wiles Sstreiere ears ieee le awestaveus[nsmecterrekiere 
NAS eMule QSenee< --a55| naeeeeeliosce «ce 14 1 1 Eee A Secs aes 
TUE |e ENT Wasa Ue a |p a | Le 18 1 DS Se se pene 
15 | July 29 14 3 42 14 tt 1 a apenas See 1 adult died in cell 
without emerging. 
15 | July 30 15 1 15 15 1 Sie tl Barus steve 
15)| Aug. 1 17 lt Defoe Sepayscne | at sinciserees | ever oP Sel isle: Seepete a 
16 | July 29 13 1 LS roeilces cece eres ack) ace mace coco es: 
16 | July 30 14 1 14 14 2 28) + illeioeeaet Dos 
16); Aug. I 16 2 32 16 2 Bop pilcoameaeee 
16 | Aug. 4 18 2 Beg leeuerea SSeGEees sen ates | eee mere 
17 | Aug. 1 15 2 30 15 3 Cbyees nee wens ae2 1 male dead. 
SMe OSes stelle coos, S| creucks See te sic toiere 14 3 CD Jags (ae seas ee 1 adult dead in cell. 
TUS} 3) | Aa oe aes ale Ae eS) | ee nae 16 1 16S Races 
19 | Aug. 2 14 1 14 14 1 1 ey [Sa Ges 
TG) [NG OVEEE 3 | Boe i el PA, | ee 15 2 BOL laeeoeis 
TIO) SCANT Bailar Fall SAT ees ce ees lL a ee pn 16 1 TGhOS | Reser 
20 | Aug. 3 14 1 14 14 2 PAS WSUS, WB 
23 | Aug. 7 15 1 1 eye ll scesnos Soesace a lore Bee || Sees Bas 
BB} Wctele Be 1 Neer Mee ee A Vea ac ee 19 1 1 Ni | | eta el ie 
24 | Aug. 8 15 1 1 Seah lee eyoe reed (tase eerie leeice eer er emierras 
24 | Aug. 10 17 1 17 17 1 1 Wiis ¢| (Paar anaes Bee 
24 | Aug. 13 20 1 PAA} | Nees Aen, esate ea SSR aa 2] 
25 | Aug. 7 13 1 MSP exaerse ce (ote | em eee thee croretell Sieeayeretyaeoe 
25 | Aug. 10 16 1 16 16 2 Aes || even Stee ot 
PAS ts PNUD 174 ete eee SS See eerie 18 1 a Wola? 9 | Pueeseas ed eats 
SA Ns 5 op hos SP lL ape) a alate l(a vee Al oe 31 
28 | Aug. 12 15 1 AD cee eal ee Cael ve Mea erate Gnas cy dave 
30 | Aug. 17 18 1 Ife Sob | [ee wea al Yaak ep Rw eR 
Aug. 1 do....- 16 1 Srey |S Aes lt Sees eee | | OM eae 2 Sires ane vies 
TD aI apo Rs 25 hah eats ee) (ie A eae 17 1 1 We a) 2 | ei ears ete 
2| Aug. 21 19 1 TICE Ge | Ve Sites 2a Societe 21a) | ieee «| eae See Ee 
3 | Aug. 19 16 1 1 yetnl lacrnoens accacoe osbsrrrcl lerimcce src 
3 | Aug. 20 17 1 Lo ah elke ots | erect [ce sets ace lreiceiseme oe 
11 |} Aug. 30 19 1 LIES) «| eas arti | Se emery | Se a ere | rn ae 
28 | Sept. 11 14 1 TA ns letacisesc| aaSecre a EaesaeealSesoereaes 
MO tale ery teases etn: Be) 1 GOP Web oeeood 33 | 504 2 | 4. 
PAW CLAS Quen ela elicee eiarmclellcieieisisieiee TASC el fe ea a | as a Ge WTI etercene ane 
Total weevils of CITA Th Mate ae BS PN GT ara I este a 
both sexes. 
Average period IS ae er hy Sarria Nyt eet ly ate cea 
for both sexes. 


1“ Weevildays”’ is the term applied to the sum of the time periods experienced by the various individuals 
during the course of the observations. 

2 Female. 

3 Male. 

At the close of the experiment in November all squares were exam- 
ined and the following stages were found remaining in them: 9 dead 
adults, 5 live adults, 7 live pups, and 12 live larve. The live adults 
were found only in squares receiving eggs after October 14, so it is 
quite possible that they would still have emerged. The immature 
Stages were in the later lots of squares and probably had not had 
time to become adult. 
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TaBLE VI.—Developmental period of Anthonomus grandis thurberiae in cotton squares, 
Arizona, 1914; eggs deposited after Sept. 1. 


Males. Females. 

Date Dates >: oF etary ear an eae a Stages found upon 
eges de-| adults , Sa lm. t Sy | equyy cuoteed eae examination of 
posited. |emerged.| © BE o& s ae 6 2 : squares. 

BR =O as) 5 =o ue) 
aes Te tere wl 
Days. Days 
PSAs) OV Feel sic] ete eerste ta bean ie Parr eyat| Fees rete [2 SR Ry gl fee ees be ale 1 malevs shes oe 
Dra | Rereie dim ae walllecioeto ral Beteeone | eters | ies Seen eae eee ifemale: os te 
110 a] var Sa aaa ie eee Soe hier a he os Iepaes bel oe ee bane or eer 2temaless = 
SDDS | ye nhl cna eka eo eis ecto oe | Meee oe Rees ee aeeee 3 males and 2 fe- 
} males. 
1 UG) | ts Spree ee SRR Ne Sen] Re nll ey Set fees | ey oe a Gweewilesase yee 
ce |KOctk 73 18 2| 36 18 DK cn Ce hyn irl 9 saatin at wi, Brae a= 
19 | Oct. 21 32 i eal es $7 Fraga It Zeek Sea |e PRE | [Ea ehae females. 2s 
AU se ki ah Sha 8 a He ogee asi ol | eee NaS 2| Near cya ee eee LO See 2 males and 3 fe- | 1 female dead. 
males. 
Deen naan | ae cheval Se eens a cies eae ee ae eee ee eee 1 male and 2 fe- 
males. 
29 | Oct. 21 22 2) 44 22 2) 44 4 males and 1 fe- 
male. 
Octéstiiaie: dovki 2 20 Digs feces [haere es [ea HE gece] (OSE Pe 1 male and 2 fe- 
males. 
SuipOctar 22 19 5D Wes I len Pg et i Ay Sifemalese sae 
Daltse seat A) (St Sh | (ne S| eel oe, eS fel | here =| Nee 2 males and 4 fe- | 2 females and 1 
males. male dead. 
dil SS eis eel ess eee oor elles cea ee se eee 2 males and 1 fe- 
male. 
Oi | Perey pees Bho AN oe | No tis [eae ea eee eee 1 male and 1 female 
11g] sibs Poe 2 Se Ee | ae | eae (alee “Py bp See) eg es at ae aL WeCVIlS ee so 
146). Gece oat eae pba tooan| se eeeen Sat. He eee eo Rokenee 2 males and 3 fe- | 2 females and 1 
j males. male alive. 
Ga pcs a eee oore | ees Ee S| eee es isfemaletes sa 1 female alive. 
SL Ee foe ccc cetera | ere eee | eee all racer | oe tne ke] oe ecg 1 male and 1 female = 
OA | (pe Tiere Pare ae PRR PAE SRR PU el Oe oS es I ches | here on See eee Y 1 temeral male, 4 ~~ 
pupe, and 1 lar- 
va alive. 
Fe | a ae eile fala Samed Aa Boel | Bec oa eee eee ee ee ae ee ERC eee eee ators 2pupz andillarva 
alive incells 
Nov. 9. » a 
DOH Resets Sac eiaie oes Seal] et oS cits ep aCe ode lnc elniclleceis ace ecm eine ine eee 1 pupa and 3 larve 
alive in cells © 
Nov. 9. | 
D234. eye hes (ee wee ee eee | (Reape sinne)| [de I seer 3) a ee A [ais Been RS Se hey 2 larve alive in ~ 
cells Nov. 9. 4 
SST | [eg Se cel ba eel il fi eee | apa | fe ecehetial le Se ates a age ts seeuetetes ase ES 3 larve alive in 


| cells Nov. 9. Say 
IN OWS neeh| Soe ch ee atop esta | owen seep Ue meee cet pent Lah rca ieee Be Sara a yeh 2 larve alive in 
tit cells Nov. 9. 


mC 


Rota soe it eee 7s eae |S aoe Seo Pie Ae ee ee eee 

PASVIET AD Orem eer = |= aoc erate ae DA latiyy) | seen al be Sera 20. 6 | Pile 2 erp CEI | FES ao 

Total weevils of 10) — ~~ pa ee ee ee ee 
both sexes. | 

Average period, | 5; emesis Sepals oaeare EM. Be omy steven meena Cle 5a | 
both sexes. | 


In the examination of these squares a great number of the non- _ 
producing ones were found to have the contents more or less eaten 
by weevil larve. These larve were evidently unable to survive — 
upon this food. Of course the larval mortality is quite high in any 
breeding series of either grandis or thurberiae regardless of the food, 
but this is certainly higher than usual. | 


IN COTTON BOLLS. 


The developmental period of the weevil in cotton bolls was studied — 
in the same manner as that just described for cotton squares. The — 
results of this series are given in Table VII. 


BIOLOGY OF ARIZONA WILD COTTON WEEVIL, 19 


Taste VII.—Developmental period of Anthonomus grandis thurberiae in cotton bolls, 
Agua Calente ranch, Arizona, 1914. 


Males. Females. 
Han Date Condition found at examination 
dults of bolls at close of experiment 
depos es um- é Num- 
te 4 |emerged.| Deriod.| ber picae Deried bee eo on Nov. 10, 1914. 
weevils.| 72YS- weevils.| C2Y 
Days Days 
July 13} July 30 1 1 AU 7h) aPeR Fs RSS FN AN ag oo ; 
CRN RS 28 fp Us UU Ne ON a Me) Gen No He ape DSC aS [aa ED 1 live female in cell, 2 dead larve, 
GATE 08 ORE ESRI ah | seg gs | Teer (eee re re 1 live female, 2 pup, and 1 larva 
dead. 
Nia as at se te a SS a ets ie ea Ste VE gerne Py ete (er 1 live and 1 dead adult in cells. 
27 | Aug. 17 21 TI acoA se] Peaeee prs ie (ee SR Co aoe 1 dead adult in cell. 
ONE IEE SSH UD Ss Sena NT ua bane HA a [oo Le Pee Do. 
SYD lity cw eveetas ap eat None Is AG pete] Coe ie AE Fa ael P a ba RU Do. 1 
ANTES Leos SSE SSO Re 2 ee 4 ee o aes hoseiscnc pecnaase Do.! 
2) Aug. 25 23 1 PSS |e Aiea ea | ISIE 1 male has emerged. 
GAY LO Tos aM SUNS Ke ey Re | TS ees Ne DNR | VS ea 1 dead adult in cell.! 
MMSE DE Ara Mesto to nma sao [o cu eee 28 D328 Do.l 
RLS eee aaa Cal ay REO C Rta Pe APL GS Den CR a ed Hien deme ae Ue IE Ske 1 live pupa in cell. 
RON ste ole hcl leeigua ae 4 Se eeesan| aesceaas 18 1 1 
Gelade. as GPS. al BAR ae ra May a ea aa ae HR ey | Ua SIs ie bo eee 1 dead adult in cell.1 
FTE ee aloe hes ace MSE ees [acorns ees (Sete) (reyes yell laa eer 1 female emerged before Sept. 22. 
EAM ene 8 ee BR 0 I VS Se Ee Sg We Soe 3 dead adults in cells. 
Sey aa AM TET || a eg [es eB SC) vel nd | iL male alive and 1 female dead in 
cells 
Sept. 1 | Sept. 22 21 nT igen 21 Wel) Opal 1 female alive, 2 adults dead. 
ltt oe Smal Ue ZAP (a BNI eet A a a Ua ng 1 male alive in cell. 
yee eee Ws a eel eee Late lg) CAC) PR mer Lee) AG 1 male emerged, 1 adult and pupa 
dead. 
ZAMAN a ASB OS WA ge Ca EES ER ra [Sl Pea Br 1 male alive in cell. 
UTED Sia i en Sh | Wl ED SN ON Fe eee ae ede og Le Oe 2 adults dead. 
TA Nea ae oe Pe bt (ieee) ee aoe Cerny a eres | oma a Se ete 1 live female. 
Tei ie et Sag Gah A ES ie eA eg 1 male has emerged. 
TZ SS SESS el to OSS ESCO OR SCe CR CCNE! eeepc Lee esas te tame 1 male, 1 female romioreed 1 male 
alive. 
THES) | ses ees ere Es RS Nae anc LDR SRA ES ae) TS My (Ce ge SH pet aya 2 adults alive, 2 adults dead. 
ieee eae) WIR Sy ae Seal Be es he Ws De ele eo asi 3 aoa emerged, 1 male alive in 
cell. 
CRY IA Sh a TN 2 | | | | (a ee (oa 2 males emerged, 3 adults alive in 
cell; 1 male dead in cell. 
yg | WSeee BB  22 n  E  e ( U Se |  e) 1 male emerged, 1 male and 1 fe-: 
mare alive in cell, 1 male dead in 
cell. 
TD) HS eS SES A PS ARs ea LLIN a eee el Sele ce | A | RS 2 males alive in cell. 

COREG, ATE TS GLE IIR MEE SIR | Se es ee ee eee ene np Ae 1 female emerged, 2 males and 1 
female alive in cell, 1 larva alive. 
in cell. 

Ohi esecees cases RUE seuss ese Pa rele ON all) eng Hi 1 female emerged, 1 adult dead in 
ce 
PR ees eyes AE AACS NE GS Lr A RRL ee a 3 weevils alive in cells. 
a SU Ea A | 8 a 2 adults alive in cells. 
OTA eae epee | pees mls is i tr RI RR a Pty PRY SS 2 adults and 2 pup& alive in cells. 
TG MVS Es ioc RLY MAEM Ge Oat TE ca On IP Cee lL Tages UU 2 adults alive in cells. 
SIVA | person aed | pa Antares oa pa Ar ebooeaty ge Aue se SN em hes oo al 1 weevil and 1 larva alive. 
Ty Ns 8 I een a | ae ee en Ue ae 4 pupe and 1 larva alive in cell. 
TS) Ness et eps ces ese Rete reyes Ceol a engl epee (Rien eaeee aN 2 pupe and 1 larva alive in cell. 
BNO Galleys ei jee iol aii a 4 SO age (Peps ate 3 67 
PASTICT AG Cenc estlllayehs) Semon DL) ee PAO Tay Ae lL ete 22.3 
Total weevils, 
both sexes....- 7 
Average period, 
both sexes....- 21.4 
: 1 These adults were evidently killed by proliferation. 


From this table it is seen that the results of rearings in cotton 


The most 


bolls differ very widely from those in cotton squares. 
marked difference is in the tendency exhibited by the weevils to 
remain in hibernation in the cells in the bolls. In fact, only seven 
weevils emerged directly after what might be termed a normal devel- 
opmental period. 
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All bolls were retained, and at the close of the experiments on 
November 10 all were opened and the contents noted. This exami- 
nation showed that 15 adults had emerged after observations were 
stopped, 33 adults were alive in cells, 22 adults were dead in cells, 
9 pups were alive in cells, 4 larve were alive in cells, and 3 larve 
were dead in cells. Thus it is seen that 22 adults emerged, 33g 
remained alive in the cells, and 22 died in them. 2 

The developmental cried for the seven weevils which were 
observed at the time of emergence varied from 17 to 28 days, with 
an average of 21.4 days. In Texas the Thurberia weevils averaged e 
25 days in cotton bolls. They displayed the same tendency to delay _ 
emergence some days alter maturity but did not attempt to hiber- 
nate in the cell as in Arizona. 7 

Many of the records point to the great aecnlertier of the devel- 
opment in cotton bolls. In one case where the egg was deposited i. 
August 13 a live pupa was found in the boll on November 10, or _ 
a total of 58 days for incubation plus larval plus part of pupal periods . 
In another case where the egg was deposited October 1 a live larva 
was found November 10, or a total of 40 days for incubation plus — e 
part of larval period. When it is remembered that under the same e 
conditions adults were produced and emerged in as few as 17 dayaa | 
after egg deposition, these records are all the more striking. -. 

The death of the adults due to proliferation is quite interesting. — | 
Five were found which were quite evidently killed by this agency. © 
In these cases the weevils had formed more or less normal pupal 
cells, but the growth of the tissue broke these and pressed the adults _ 
to death. Of course, there was no way to determine how many of 
the immature stages were killed by this phenomenon, but the num-_ al 
ber was probably quite high. % 


IN THURBERIA BOLLS. 


and an attempt made to rear adults. In such tests the bolls were 
always as green and fresh as possible and were selected as seeming 
best adapted for larval food. Early in the investigation it was quite 
apparent that a single moistening of the sand in the tumbler would ~ 
not suffice to keep the boll fit for larval food through the develop- _ 
mental period, so the sand was moistened frequently. In this way 
what seemed to be the best conditions for development were secured, _ 
but, in spite of this, the attempt was almost a total failure. 2: 

Thirty bolls containing many eggs deposited from June 30 to 
October 16 were observed, and only one weevil emerged from the — 
entire lot. This was a ial which emerged October 31 from a boll | | 
which had received an egg October 1, giving a total period froma 
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Fic. 1.—CAGED THURBERIA PLANTS INFESTED WITH WEEVILS. (ORIGINAL.) 


Fig. 2.—CAGES OVER COTTON PLANTS USED IN STUDIES ON WEEVIL ACTIVITY. 
(ORIGINAL.) 


TYPES OF REARING CAGES SIMULATING NATURAL CONDITIONS, 


USED IN STUDIES ON THE BIOLOGY OF THE ARiZONA WILD 
COTTON WEEVIL. 
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deposition to adult emergence of 31 days. At the close of the ex- 
periment all bolls were opened and the contents examined. Almost 
ali of them showed not the shghtest signs of weevil larval work 
and only one weevil stage was found. This was a pupa found 
November 9 in a boll which received an egg October 14. 

Thurberia buds were tested in the same manner several times 
during the season but always with negative results. In fact, it was 
found exceedingly difficult to induce the weevils to deposit in them. 


TESTS OF CAGED WEEVILS ON GROWING PLANTS. 


ON THURBERIA PLANTS. 


In order to study the activities of the weevils upon Thurberia 
plants in the field, a large cage was arranged over a plant growing 
under cultivation at the ranch. (Pl. II, fig. 1.) The plant was 
nearly 5 feet tall and well laden with buds, blooms, and bolls. 

Two male and two female weevils were removed from hibernation . 
cells in the Thurberia bolls August 30 and fed upon Thurberia buds 
and leaves in captivity until September 14. They were then released 
in the cage with the growing Thurberia plant. 

On September 17 two small buds had fallen to the ground with 
feeding punctures. On the 21st 6 small bolls, 3 buds, and 2 blooms 
had fallen, all fed upon by the weevils. Several of the fallen bolls 
and many still hanging on the plant contained egg punctures. 

On October 2 it was noted that a very large proportion of the 
bolls of the plant had been punctured and many contained eggs or 
larvee, but very few squares had been attacked. 

- The plant stopped blooming about October 10, and at this time 
many of the bolls had the purplish color characteristic of those 
infested. No bolls were on the ground, and a rather violent shaking 
of the plant failed to cause any to drop. On October 31 one male 
weevil was found active on the roof of the cage. A very careful 
examination of the plant and trash in the cage failed to reveal any 
other weevils. The infested bolls were still hanging on the plant. 

On January 2, 1915, all bolls were removed from this plant and 
the cage examined for weevils. No adults, either alive or dead, 
_ were found in the trash or on the cage walls. All bolls were exam- 
ined and the following contents noted: 271 bolls taken from the 
plant were examined; 123 were uninjured, 115 were injured but 
contained no weevil stages, 30 contained live adults, and 3 con- 
tained 1 dead larva, 1 dead pupa, and 1 dead adult, respectively. 
Hight bolls found on the ground were examined and 6 were found 
_ to show signs of weevil injury, but no stages were present. Of the 
total of 279 bolls examined, 154 had been injured more or less by 
the weevils, or an infestation of 55.2 per cent. This indicates what 
was certainly a great activity on the part of the two females. 
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The fact that while 154 bolls showed signs of weevil injury, only j 
30 (19.4 per cent) contained live adults on January 2, indicates a 
very high larval mortality. Most of the injured bolls contaiming no _ 
stages showed only one or two seeds eaten out by larve, though in 
some the injury was more extensive. Whether or not this high 
larval mortality is found in nature is open to doubt, but the cage 
conditions very closely approximated those under which the lower 
plants and weevils exist. This larval mortality may explain one 
puzzling point in connection with the interrelation of the Thurberia 
plant and weevil—that is, why the weevil does not multiply entirely 
out of proportion to the abundance of its very restricted host plant 
when the females are evidently so extremely prolific in egg deposition. 


ON COTTON PLANTS. 


In the same manner that these weevils were tested upon growing 
Thurberia plants, others were tested on growing cotton plants. 
Five cages, three large and two small, were placed over rows of 
plants about 16 inches tall. These plants were all bearing squares, 
blooms, and bolls. A general view of these cages is shown in Plate II, 
figure 2. All weevils were collected feeding on Thurberia in the Santa 
Rita Mountains September 25 and kept without food for four days. 

- The weevils were introduced into the various cages September 29. 
The small cages (Nos. 8 and 9) each received two males and two 
females while the large cages (Nos. 3, 6, and 7) each received four of 
each sex. Following the introduction of these weevils the cages were 
examined frequently until October 31. The following is a summary 
of the injured forms which fell from the plants during this period: 

Cage No. 8, 11 small bolls. — 

Cage No. 9, 14 small bolls, 2 squares. 

Cage No. 3, 22 small bolls, 2 squares, and 1 bloom. 


Cage No. 6, 13 small bolls, 3 squares, and 1 bloom. 
Cage No. 7, 18 small bolls, 1 square. 


It is interesting to note that all the egg deposition was in the bolls. 
In fact there was only a comparatively small amount of feeding on 
the squares and little more on the blooms. For egg deposition the | 
female seems to prefer bolls from about one-fourth to one-third | 
grown. Some of the smallest of these drop from the plant when the 
larval injury becomes severe but nearly all remain hanging. 

On October 31 a final examination of all cages was made. At this 
time the leaves and other trash piled in the cage was examined for 
hibernating adults and the plants were examined for active ones. 
One weevil was found active on the wall of a cage, one was feeding 
on a bloom, and one was dead inside the bracts of a boll. One male — 
and one female, both dead, were found at the bottom of a pile of 
trash. 


a 
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On January 2, 1915, all bolls were collected from the cages and 
examined for weevil injury or stages. The results are shown in 


Table VIII. 


TaBLe VIII.— Weevil stages found in cotton bolls taken from caged plants, Jan. 2, 1915. 


Bolls. Live weevil stages. Dead weevil stages. 
Cage No. males 
Not : 
rae weevil | Larve. | Pupee. | Adults. | Larve. | Pupe. | Adults. 
SUEUR ONS cree || 
fo) 
present. 
jC A eed a A So WE a oa ||) (AO Dg 
BR ya a ae | 15 OL See hal aril NOPE Aas ees Mie crete eh nese a ae azaleas gO ef es ene ee 
Bs ees ae een 7 Sir | estas yeh een CA ek cpr HA Sm eS at (NP Para poe | ane EAA een 
Bo ca S EER e EAE Bree 11 lhe Bere ee attest 2 Ba 3a | ee ceases in| eka eg ad Mle peek Sy 
O.2 Sue ee eeee sense 5 2 1 ACNE Sexe aay ie 1d Ns er eT 
Tf 5S Fa Meee ope dcee 6 2 1 1 (Oi eee ee 1 | aes SPOR ees ca 
Total 44 34 3 4 iL YA areca are 2A bese 


The fact that only two weevils had emerged, both from fallen bolls, 
indicated the strong adherence of the weevil to the cell hibernation 
habit, even when transferred to cotton. One of the weevils which 
had emerged was found active on the ground and, judging from its 
condition, it had emerged only a short time before collection. A 
comparison of the number of immature stages found in these cotton 
bolls with that found in Thurberia bolls in a similar cage test shows 
the retarded development under the unnatural conditions of a cotton 
boll. 

PARASITES AND PREDATORY ENEMIES OF THE WEEVIL. 


In the course of the season’s investigations several hundred infested 
Thurberia bolls were collected at various points in the Santa Catalina 
and Santa Rita Mountains and the.adult weevils were reared. In 
spite of the great number of these bolls which were utilized, not a 
single parasite emerged. Not a record of weevil parasitism was 
made by the writer during the entire season. 

Only one case of predaceous insects attacking thurberiae was noted. 
On September 25 in the arroyo below Saw Mill Canyon, Santa Rita 
Mountains, at about 3,500 feet altitude, three Phymatide were 
observed feeding on adult weevils. These have been determined by 
Mr. Otto Heidemann as Phymata erosa var. fasciata Gray (one female) 
and Macrocephalus inequalis Champ. (two males). The latter of 
these was the more abundant at this time. 
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